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FLUORINE-CONTAINING POLYAMIC ACID, 
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(57) Abstract: 

PURPOSE: To provide a new fluorine-contg. polyimide 
which gives a polyimide resin having a low permittivity 
and high resistances to moisture and heat. 

CONSTITUTION: A new fluorine-contg. polyimide of the 
formula wherein R is a tetravalent residue of a 
tetracarboxylic acid dianhydride; Rf is an optionally 
branched -CnF2n.i group wherein n is an integer of 6-12 
having a double bond; hydrogen atoms on benzene rings 
may be substd.; and nitrogen atoms of the two imide 
groups are each bonded to the o-, m-, or p-positlon with 
respect to ester bonds, is obtd. e.,g. by reacting 
di-4-aminophenyl 5-(perfluorononenyloxy) isophthalate 
with 2.2'bis(3.4-dicarboxyphenyl) hexafluoropropane 
dianhydride. 
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/WT^ y-5->^/W;^n:7ciiri/V:ii;3^7'/V) , 5 - (^''^ 

--:7/u:ttt^^±:=^ji^:t^iy) yy^/v^yfy^ (3- 

30 [0 0 2 51 5- (^^— :7/V;^ni^^-fen/W;r^» >f 
y:7^/v^tfy. (3 -^^^-J/l-:t^t^:^/l^:^:=-/^^T ^ y 

>r y^^^/v^tr;?^ (2-^>'i^/w::r 

^v':35;/W/K^/vr ^ y :7^::^/v^;^v^/w) . 5- (^<-' 
y/uy^u^^±:=^/u:t^-» ^yy^/v^\fys (2-^ 

l^-J/V:^^i^:Xf/\^:^:=^/VT ^ y - 4 - y 

. 5- {^<-'y/V:tn^^^z=,;v:t^-^) ^y 
y^/u^ify. (2-^>'i^7i';t^iy;^;yv^#^7i-T^ y - 
4-y h=^->:7:ji::iyW:3^;J^7^/V') . 5- :7/w;^n 
40 ^^-fe^/w;r^iy) y:7i5'/i-^t*y. (2 -^>^v^/V';^ 

/V) . 5- (y<—y/u:tn^^'tz=./u:t^-» -^yy^ 
/U^H^ys ( 2 -^>-J/i^:t^-^:^/^:^^^l^T ^ y - 4 - 
^nn:7zc^/w:ii>^^/^) ^ 5— iy<^y/U:tr3^^iz 
^/i-;^^-» y:7>5ryv^if>^ (2-^>^v?/w;^^i^:<? 

/l^/J^^/l^r 5 y -4 -yn^:7^:=:./Wni;;^'7^/l.) 

-So Wiaic«?y^Lfc'(k^iKi{c^3v^r. T^ys<^iS:SS 

50 ;«7/W7j?:=i/US, p-^ hci^vi>/W;^:^i/;j?7/VjK=^/W 



(8) 



13 

C (=0) -K. hyf^/WS, p - h/WaO'j^/V'd^zi/W 

10 0 2 61 WlEiK,{*»SJtS«. ^(m-C^^tuS^k-^ 
HrhT$K. 'O'-^^', r-fehv. Thy^ 

^(IV) -r^m^ix?>it^mKMVX 1-50 fiS%;6S»* 

^ 1 ~ 1 0 ^IS|-c^5^-efc5„ 
[0 0 2 71 *>SV^tt*fc«FSJtt4SflSJS«, ^(IV)-t? 

F, HBr. HCl. H^S 04^<D;!Kl^^S-;!)D;t, SJSS 
-CS/S^$-*'5«>di»*U<, -e^JflfeOTK^^ttO-l 0 

rei4iii:^;£-t-s*5^ a^, HP^^ffl-rs^-a-, o. 

10 0 2 81 *fc. SaiEcO^(IV)-C^$tuS'fk-^«)Sr^ 
7kW:JErtt-Ptu*(IV)T?^$n5'fl:'g-«Jlc*f b-C 1 ~5 0 

m^*<£ffl-r5cDdw* b< . si^;o^««Ji±iEbfc jt 

[00 2 91 ^ (IV) -^^^ttST? /SdSiSSStufc 
■g-7 s/mv'T5i'tt'fkl 8 m (V) 3 
[^k 1 8 1 

ClOC ^ _ ^ COCl 



14 



(V) 



ORf 



[:fey£b. ^ (V) tp. Rff:t^ (I) *^Jc*3«t^iS* 

'fbl 9 (VI) ] 
91 



R2 

N 



OH 



6-145347 



(VI ) 



[fcfcL. ^ (VI) RXfR' (IV) tfJC*? 

So 

[0 0 3 01 Wiscos; (V) -e^^n^g^iJ^n^^ hMb 

y:7^/umi-^^^y^ h\ 4-y^/v-5- (^^— 
y yy ^/l^^i^^ ^^-^ 4- 

20 yi^^i/^J^ n K. 4 -:77W;^n - 5 - (^<—'7/U:t^ 

/v:^^-^) -Yy^^^yv^i^^n^-f K. 5- {^<—:7;v 
;^n^:^irc=:/W;^:^V) yy^/V^-J^^'y^ 4 

^ yy^/i^^-J^V2^4 Y. 4- 
WW:^n-5- (^'<— :7/W;^i3^^-fe::=i/W;^:^-» >f y 
30 :7^/WKi^^t3^>f K, 4-:?^na-5-(>'^— :7/W;^ 
ti-.^'t:=i/W;^:^i/)^y>'^/W^i^^a^>r K. 4- 
:;^n^— 5— (>'^— :7/U;^n^:^-fe^/W;^^i/) '<y:7 

[0 0 3 11 mim\i^m^\.tcit^m\c^y^^x. ^<—y/u 

[00 3 21 Sfj|E<^^ (VI) 4^. R' t LTO 1 (O* 

mmx^R' tR' ^m:t:i2m(o^mmt.. r^ym 

40 SrtS:^-r-5St?S>t). r<DJ:5Jfct*:MSfiSaiE<^^ (I 
V) (C*5V^TfftMUfct>0;65$>§o 
[0 0 3 31 S (VI) -C^^n5T^yS;i>5t?:S^tt/c 
r ^ y t Kn:^v'^^^-^Wk'a^^t bTf^. l-tKD 
^->-4~ {^:y-J/u:^^t^:^/u:^:=-/UT ^ y) 

1 -i: Kn:^->-4- ( t -:/^/W:^=¥->;<77^^^ 
/wr^y) -o-^^y. i-tKn:^iy-4- (p-yh 

^iy-0-J/U:t^->:fy/U:^:=-/UT ^ y) 1- 
b Kn:^iy- 4 -(p hn^Vv?/^;r;^v-:3(7yW7j?::i 

/wr^y)^^-^:^. i -t Kn=^v^-4- (p~}fy 

50 ji^/Wyy'P'fcf/v.;^^i/:fr/wj}?z^/i.T^y) ^V-if 



(9) 
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^v';3t7>^U7j^^/WT^ y) -<>-^>^> l-t:Ka:^v'-4 

^ 3 - y ^/V^- 4 - {-0''J/V:t^-^ij/U:^:=./ur 
1-t KP=^i^-3-^ h=¥->-4- 
(^^^v?yw;^:^r v':?&/V7}f ^/V-T ^ y ) -<^^"^>, 1 - 1 
Kn^->-3-:7/V';rn-4- 

:=./WT^y) 1 -t: Kn:^v^-3-^C2Ci- 

4- (^^^e;^/W;**:¥->:!57/V#::^/PT^ y) 1 

-t Kn^^v-- 3 -~:/a^--4 - (^>i^/W;^^V;«7/l^ 
xj^^/wr^y) 1-t: Kc^:^v'-3-p<^/^' 

- 4 - ( t -y^/w;^=^v:5S7/W2K:=^/ur ^ y ) ^vif 

l-t Kn:SrV-3->« h=^v'-4- { t 
;4-^->:3^/w>K^/wr ^ y) -^^^-^V. l-tKa=^ix- 
3 -:7/W;^a - 4 - ( t -y^/W:^=^i^:;{7/W/}<:=:^/^T ^ 

y) ^>^-^>'. 

[00341 1-t Kn:^i/-3-i5^ncr-4- (t- 
>^^/V;^^V;?t;/i^#c=i/WT^ y ) ^^--^^^s 1-tKn 
:^ri/-3->^C2^--4- ( t ->^^/W;^^iy;3?7/W7j<^/^ 
r^y) ^>'-1f>. 1 -t KD:^ix-3- (^Vi^/l^::^ 
^i/:357/i-/}f:=^/VT^ y) -<:x>^>^. l-t:KP=^iy-3 
- ( t -:y^/V;t-^v-:3&/w^^/WT^ y) -<:/if>. 1 

/j^ri/v-r^y) -o-^v. i-fc Ka:^v-3-(p- 

-t:Ka^i/-3- (p - tf :7^^/W^ y >^i3 tV^;^^ 
v^:<7/W#::i/WT5y) l-tKn^^ix-S- 

l-bKa^v--3- (-<>'v^/V;^^v';3^7/V/}f 

3 - V v-^Jj/WJj^^/WT ^y) -5->«h^ 

^V-3- (^>-i^/^;^^E^->;;^;/w:^t'^ywr ^y) -5- 
->:<7/W3jfc:i/WT^ y) -S-:/^^-^"!?^. l-bK* 
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*u^v--3- ( t -:/^/V';^=¥iy;j&yW5i^^ywr 5 y) - 
S-;^^/^^^^-^^^. l-b Kci:^v'-3- (t-::/^ 

1 - t Kn^^v-- 3 - ( t -':f=f^/Uyt^i^:^/l^^:=-/l^T 

^y) -5-:7/v;^n^>^-^>'. 
10 0 3 5] l-tKt2^i/-3- ( t 
:3&/V3j?-/wr ^ y) -5-:5^cin^:^'^:/, l-tKtJ 

^iy-3- (t -':f'=^/U:^^i^:tf/l-:^==-/VT^ y) -5 

10 ^v':3^7/V5l^^/VT^y) ^V-fefV, l-tKn^rv'-2 

- ( t -:/^/V';r^->;j&yv#^yWT ^ y ) 1 
-t: Kni^v— 2- (p-y h ^i/^Vv^/W;^:^-^:^^/^ 
:^::^/UT^y) ^l^-^l^, 1 - t Ka ^iX- 2 - ( p - 

- h ci^>'i?/w;t-^->:«7/w>J?^/W'r ^ y i 
-t:Kc2^V-2- (p-l^:7ni:=:/Wy:?'nt:VV;^^ 
i^:^/U:^:=-/\^T^ y) ^>''^:y^ l-tKnarv'-2- 

(9-7/V:^W:=^/^y^/t-;^-^v';3^7/W7J<^/WT^ y) ^ 
1 - 1 Kt3:^->- 2 - (-<^-v^/u;^^v^:3&/v>J? 
^/l^r^y) - 4 -y ^/V^Vif V, l-tFn:3rv'- 
20 2- (-<>'v^/V;^^v-;^7/W^n/i.r ^ y) ~4-yh=3e 
v'^:/-^>^. 1 - 1 Kn ^^V- 2 - (^>^i^/u;^^v^:?57 
yU7j?:=^/wr ^ y ) -4->^/W;rn-<v-^>, l-tKn 
{^>iy/U:t^l^:iJ/l^:^:=-/\^T ^ y) -4- 

i/:3(7/V4^:=^/WT^ y) -4->^n^^>-^>-, l-tK 
n^V-2- ( t -::?^^7W;^-^v':5&/V3)?::i>rWT^ y) - 
4-y^7W-<Vifv. l-i::Kn^v--2- (t-':f^ 
/U7^^iy^/v^=^/vT^ y) -4-y h^v'-^:/-^^^. 

1 - t K P 2 - ( t - V':!^7/V#:::^/WT 

30 ^y) -4-:7/W;^-a^V-^V, 1 - 1 Ki^ :^v-- 2 - 
it ~':f'^/U:^^->:fy/i-7i^:=-/i-T^ y) - A-^nu^ 
>^ifv, l-fcKn=^->-2- ( t 
3}?^/i.T^y) -4-:/a^^>'-^V^;&5fc;5^ 
[0 0 3 6] MIEO^ (I) . (II) . (Ill) . (I 
V) RrJ^ (V) {Ci3V^T. ^fhi^(D^^^(DR i tVX 
fi. mx,\i. TlBYk2 0(c^-r^ (a) - (i) <oS^ 

[^t;2 0l 
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(10) 



^ ^CFCCFa), 

FaC CF(CFa)a 
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(a) 



C Fj 



(F,C), FC 



CFjCFjCF^ 



( b) 



(F,C)sFC 



C Fs 



(o) 



C(CF2CF3)s 



C Fa 



I 



Pg C C F (C Fa )2 



(d) 



(e) 



FaCFzC CFj 



(f ) 



^ ^CF(CF3), 
F3C F 



(e) 



FaC CF(CFa). 



<h) 



FaC CF(CzFs)2 



(i) 



I 

C Fa 



to 0 3 7] (V) -(^m$th^^t^m<o-mt ur, 

S; (V) ■^^Si^«*6<o^t;-g■iS»^cov^Tfc, lilT© 



50 



JE£(*. ^{b^^Ml 4m (II) (A» («) BgfP5 2^ 
1 2M2 0B^m »1 0 2 OH^TI-^^nsa'i^ 



(11) 
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[0 0 3 8] mz. rOSJS^djt^-tit^MMi: bT. 

i^i', i^T-!J*tri^;}'ciy4;> (DBN) . i>TU*lf'>^ 
p^^Vr'-fev (DBU) m<Dmm&^m\'^^:::ti)^-ct 

(;i*fbr. 0. 5^/w%*^ej2 0 0^yw%fflv^s:ii:*s 

[0 0 3 9] jiiESJt^ti, ii^. ^mmm^-r^noc m 

[0 0 4 01 ffri2<Ds:jSJcj:oT. ^ (vi) 
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: [0 0 4 1] 5- {^<—y/V:;iroy^::^/V:^^'^) 
[0 0 4 2] m^<r>5- ;V:i-vt / 

■^yyi'/vmi.^ it 21 w (VII) ] 

Ut2 1] 



10 HOOC 



COOH 



(VII) 



0C9 Fl7 
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[0 0 4 3] ^ (VII) (C*5tt5-C,F„S«. TIEtC 
S<5^^T^A$^^So #MBg 60-51146 

IS'fb2 2 (VIII) ] x^^i^iiiit^mm^iln^o 

Ut2 2] 



HOOC 



COOH 



0 \ / CF ( CF3 )2 
Fa C ^ CF (CF3 )2 



(VI 1 1) 



[00441 ^^m<r>^ y ^ ^ K^«rJ^§<D]KlSfife(c;^ov^ 

^ (III) -e^$i^^^§;^i^T^:^i:»>S-c#5 

T^y^.&#K. 3, 3' -v^T^ y v^:7rc-/i^^^ 
3, 3' -v^r ^ y i/^^^^/V:!^— ^/K 3, 3' 
-v^T5 y v^:7a::=:/W;^/W7jN>, 3, 3' -v^T^^v^ 

:7^c=-/u:7^ny^:/, 3, 3' -v^r^ y i^:7^^/v;^/v 

^ l^^ 4, 4' -i^^T^ y v^>^:3i::i/l.>^a/^^^. 4. 

4' -i^T^ y v^:73i^>rk;;«^^, 3, 3' - ^ y 
^>'>^:7aiy 4. 4' ^ y 50 



^ K> 4, 4' -vS^T^ y v^:7:3i-/Wj^/W7jx:/, 4, 
4' -v?T^ y i/:73i:=:/V3i— x/K 3. 4' -i^T^ 
y v>>r^-yV3i— T'/K 1, 5-i?T^y•:^:7^5^W^^, 

2, 4-11^^ (/3 -T^ y- t -y^^/v) tr 
^ y- t -:y'^/^->^:3i^/w) 7" 

tr;^ (p-i5-><^/v- v-T^y-^i^^/w) 
i^-^iy^ tfjx-p- (1, 1 -i?y ^/u-5-T5 y^ 

i>T5:^> ;^^i$'y ^i^^-i^T^ y-:^y^i^>i^T 

r$>. 4. 4' -i^y ^/w^:/^y^i/>^v^T^ 
2, 1 1 -v^T$ y Kx;<7>. 1, 2-tf>^ (3-r$ 

T^:/. 3-y b^ix— ^1^y^^'Vi^r ^ 2, 
5-i^y ^/w^^^-y-y ^i/vv^T^ 2, 5-v?y^ 

T^^'. 2. 1 7-i^T5yT>f 1. 4- 
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-yT^y-^^^^^'^i^. 1, lo-v^T^y-i, 1 

0-^:>:^^/Vy':fy>^ 1, l2-i^T^y:i'^^'f:^ 

2, 2-tf:J^ y ^:^f->^/V;^ 
n:7'ayN:/, 2, 2 - If ^ (4- (4-T^/>^^y=^ 
V) :7:3i:=^/W) 3, 3' -v^ 
;^^/W-4, 4' -v^r ^ y v^>^:i^^yWp«^^^. 3, 

3' -v^3:^/W-4, 4' -i;^T^ /-:^:7niz:^/wy 

3, 3' -v^y h^->-4, 4' -v?T^/>^>^:x 

3, 3' i>:3ih^i^-4, 4' -v^T^/ 
i>:73^;=i/Wp«^>-. 3, 3' -v^>^/V;^a-4, 4' - 10 

4' -v^T^ y v^:7rn-/i.>« ^^z, 3, 3' -v?::/n^ 

-4, 4' -v^r^/v?^^:!::::^/^^ 
[0 0 4 61 3, 3' -v^ (hVy/U:tu:^^M - 
4, 4' -i^T^ /i;^:7:3^=:/W>«^:x, 3. 3' -i^^ 

4' --:/T^ y v^:7:3^::^7V^— T^/K 3, 
3' -v^>f y>^nt:Vl--4, 4' -i;?r ^ / i^:7:3l^/W 
3l— t^/K 3, 3' -i^;< h^->-4, 4' -v^T^y 
i;?:7aic::L/Vrn— -r-ZK 3, 3' -v?3i h:^v-4, 4' 
-i^^T^ y v^:7:nr^/Hii— ^/K 3, 3' -v?:7/W;^n 20 
-4, 4' -i^T^ y v^:7^:=i/W^— X/K 3, 3' - 
t3n~-4. 4' -i^r ^ yi^:7 31:^/^31— v'/K 

3, 3' -v?::/n^-4, 4' --JT^ yi^^:x,:=./U:x, 
— 3, 3' -v?(hy :7/W;rn^^/v)-4, 4' 
->>T^ y v^:7:n:=i/Vj:— 7"/K 3, 3' -v^^^/W- 

4, 4' -i^r ^ y i^r^a^cr^/U^^/U^^NV-, 3. 3' -v^ 
P^b^->-4, 4' -i^r ^ y v^r7^::^/V>^yl^7jN>. 

3, 3' --J=^h^t^-4, 4' -v^r ^ / v^>^:3^^/W 

3, 3' -i:^y/\^:^^-4. A' -~-JT ^ J 
i>:73^:=^/W;^/W7j^>', 3, 3' -v?^nn-4, 4' - 30 
i^r ^ y v^:7ain/W;^7V3^:>-, 3, 3' -v?:/i3^- 

4, 4' -v^r ^ /i/:7Jir^yW;?^/W>}^>^, 3, 3' 
(hy >^yW;^ap<^/W)-4. 4' -i;?T^ / v^:^^:;::^/!. 
X/V^^-, 3, 3' -i^p«^/V-4. 4' -i^T^yi^ 
:73i:=^/l^^t3/^->-, 3, 3' -v^yh^i/-4, 4' - 
v^r ^ y v?y^^^yw>^ay^>-, 3, 3' 

4, 4' -v?r^ y i^:7ic:=^/V:7'a^^>-, 3, 3' -i^ 
:7/l^;^a-4, 4' -i/T ^ / i^:73i:=:/l^:/i3>^^>, 

3, 3' --J^^un-A, 4' - v^T ^ / v^:7rnc:r/V':r 
n^^^', 3, 3' -i/:;^n^-4, 4' --J'T^J-Jy 40 
nirn/v-p^n^^V^, 3, 3' - v?( h y :7/W:^n p« ^/W) - 

4, 4' -v?T$ y i/:7:3^^/V:7'a^^V, 3, 3' 
y^/V-4, 4' -v^T^ / v?:7:3ir::/i^;5?./l.y>f K. 

3, 3' -v?p« h=^v--4, 4' -v>T^ /i^:7^^/W 
3, 3' -v^^i h:^v'-4, 4' -v?T^ 
y v>:73^:=^/V><./W>^-f h\ 3, 3' -i^:7/P;^a-4, 
4' -v?T^ / v^>':3iz::/i.;;^/l.:7-r h\ 3, 3' -v^^ 
13 n- 4, 4' -v?r ^ y i/:7rn^/W;^/P:7^ K. 3. 
3' -v^::^n^-4, 4' -i^T^ y i^:73^c=:>rv;;^/^:7 
>r K. 3. 3' -v^ (h y >^/^;rnp<^/V^) -4, 4' 50 
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-v^T^ y v^:7^:=./v;?5./w:7^ b\ 3, 3' -v^y^/i- 
-4, 4' -v^T^ y v^:7j::=^/W^=^1^>^/l^;^'n>^uy^ 

3, 3' -i^?^ h^->-4, 4' —:;?T5 y v>>^3iri 

/^^:^r1^:77^;r^:yoy^:/, 3, 3' -v^:x h:^v'-4, 
4' --:/T^ y v^:7:3i:=.7W^:^i^>^/v.:^ny^n^^>', 
3, 3' -v^>^/l-;^n-4, 4' -v^T ^ y >?:7^^/W^ 
:^M^:7/U;^i3:/ay^^^, 3, 3' --^^xju-A, 4' 
-v^T^ y v^:y^^/l-^^1^:7/v;rt3:7"a/^>', 3, 

3' -v^>^n^-4, 4' -i?T^ y v^:7:i:— /P^^-y- 
:7/V:^ap^n^'?:/. 3. 3' -i^ ( b y :7/V::rn 7^ ^ 
/W) -4, 4< -i^T^ y i^:73ij=:/v^#l^7a::^a:7^ 

[004 71 3, 3' -i^y^/^-4, 4' -i^T^y 
^>->/:7inyv. 3, 3' --J;^ 4' -i? 

T^y^^-y'^^a^y 3. 3' -i^^i h:^>'-4, 
4' --JT^ ly. 3, 3' -v^:7/v;^a 

-4, A' --JT^ J^>y^y=^y>. 3, 3' -^^i^ 
i3n-4. 4' --JT% J^lyV'7:^j:y^ 3, 3' - 

i;^>^a^-4, 4' -v^^T^ y^^^>^:73iy V, 3, 
3' -v^ ( h y >^/w;^ny ^/w) -4, 4' -i^T^y 
^:/>y>^3iy 3, 3' -i/y ^/w-^^^v^i^:^. 3, 

3' . 5. 5' -7=^ b^y^/V-4, 4' -v^T^yi^ 

:7^c=^/i-y ^^-^ 3, 3' , 5, 5' -v"h^-fy:7'n 
tvi— 4, 4' -i/T^y v^y^^/wy 3, 
3' , 5, 5' -7^ h^y h^iy-4, 4' -i^r^y 

i>:7:nc=L7Vp<>5r:^, 3, 3' , 5, 5' -^^7^^^^ 

£^-4, 4' -v?r ^ y v^:7^^/vy >5^v. 3, 3' , 

5, 5' -y^ b^:7/W;^t3-~4, 4' - v^T ^ y 
:=^/wy^^^. 3, 3' , 5, 5' -"fVy^rivi- A, 
A' --JT^ /^J'7:r,:=L/V:^^ly^ 3. 3' , 5. 5' 
-^h^>^n^-4, 4' -v^T^ y v^:7nir^7Vy 

3. 3' , 5, 5' -T^h^ (hyy/W:^ny^ 
/V) -4, 4' -v^T^y v^:73z:::i/wy ^$r>.^ 3, 
3' , 5, 5' -7=^ h^y^/V-4, 4' -v?T^yi^ 
>^^r:^/^^— 3, 3' , 5, 5' -Th'7^'^/\^ 
-4, A' -v?r ^ y v^y3i:=./W:3i— T^/K 3, 3' , 
5, 5' -7" h^^ h=¥v'-4, 4' -i^T5 y v^:7m::^ 
ywm— V^/K 3, 3' , 5, 5' V'7:^V^^y-A, 
A' -i/r ^y i^y:3i^/W^— X/K 3, 3' , 5, 
5' -"T hy/V-;^a- 4, 4' -vJ^T^ y v^y^^/W^ 
— x/W 3. 3' , 5, 5' -y^Vy^un-A, 4' 
-v^T5 y v^y^^/l-^— v'/K 3, 3' , 5, 5' - 
y"b7>^n^-4, 4' - ^ y v^^ 7" 
3, 3' , 5, 5' -7^ (h y y/v;?}-ny^ 
yW) -4, 4' --JT ^ y -JZ7au:=u/V=ii^T/V, 
[0 04 81 3, 3' , 5, 5' -7^ h 7 y ^/l^- 4 , 
4' -i^T^ y v^:7iiicn/w;;^/w;}^>', 3, 3' , 5, 

5' -7^ h^y h^v^-4, 4' -v^r ^ y v^y^^/v->^ 
/W3ix:^, 3. 3' , 5, 5' h^i^-4, 4' 

-v^r ^ y v^:73^:=^/w;^/V2ixv, 3, 3' . 5, 5' -t" 
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3. 3' , 5, 5' -v'h^^t3n-4. 4' -X^T^ 

4' -v^r ^ y v^:^^^^/!^^/!^;^;^/, 3, 
3' . 5. 5' -y'hy (hy -4. 
4' -i^T^ y i^l^Jin/Wj^^/WjJxV. 3, 3' , 5, 

xi/^l^. 3, 3' , 5, 5' -xb^yh^v'-4, 
4' -v?T^ y i^:7:3ic:^/v:y'ci/'?^^, 3, 3' , 5. 
5' -T-Vy^V^^y-A, A' -i^T^ / v^:7iiir:/P 
iT'a^^V'. 3, 3' , 5, 5' -7^ h7 7/W;^t3-4, 
4' -v?r 5 y v^:7:3i^/W:rcry^:/, 3, 3' , 5, 
5' -X h^i5^ciD-4. 4' -v^T^ y 
a/^V. 3, 3' . 5, 5' -7^ h^:/n^-4. 4' 
-v^T$ y v^:y^^/^>^n/'?>^, 3, 3' . 5, 5' - 
"rVy (hV y^^:tu:^^/u) -4, 4' -v^T^yv^ 
>^ai^/i.:y*n-^^-:/, 3, 3' , 5. 5' -^h^y^/w- 

4. 4' -v^r ^ y i^>':i^^/V'>^/W>^-f K. 3, 3' , 
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4, 4' -v^T^ y v^:7:3ic=^7U>^/v:7^ K. 3. 3' , 

5, 5' -^b^^nn-4, A' -v^T ^ y v^:7:3^^/W 

K> 3, 3' , 5, 5' -7^ h^::/n^-4, 
4' -i>r 5 y v^>^^^yw;^/v:7^ 3, 3' , 5, 

5' -xh^ (hy :7/P;^ay^/V) -4, 4' -v^T 
^ y v^:7:3i::r/l.;;^/^:7>f K. 3. 3' . 5, 5' -y" h 
7 7^^/W-4, 4' -v?T^ y i>>^3^^/W-^^i^:7/^::r 
Xjy^n^O, 3, 3' , 5, 5' ~v^h^yh^>- 

4, 4' -e^r ^ y i^:y:3^^/w^^i^:7/V;^ny^n^^ 

3, 3' , 5, 5' ~y^hy^h^-y-A, A' - 

3' , 5, 5' -V" by :7n;^n-4, 4' -i^T^y 
i^:7:ii;=^/V^^i^:7/V;^n>^n^^V. 3. 3' , 5, 
5' -"rVy^^n-A, A' -i^T ^ y v^>^:3^^/V^ 
^^y/V:^^;^^^/0^ 3, 3' , 5, 5' -f^h^:/ 
n^-4, 4' -v^T^ y i^:7inc=^/p-^:^i^:7/v;^a:y 
ny^V, 3, 3' , 5, 5' -"rhy ih V y/i-:tv2 ?i 
^/W) -4, 4' -'v^T^ y 

[0050] 3, 3' , 5, 5' -7^h^y^/V-4, 
4' -v^T^ y^>->^:7^y 3, 3' . 5. 5' - 
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3. 3' . 5, 5' -y" hy^^h^-y-A, 4' -v^^T 
$ y ^»^:7:3iy 3, 3' , 5, 5' -T^h^y'o 
;4-a-4, 4' -v^T^ y^^^y:73iy 3, 3' , 

5, 5' -7"h^^c2t3-4, 4' -i^T^y^ly-y^y 
^y^-. 3, 3' , 5, 5' -y^h^yxs^^A, A' 
-v?r^y'<^^y^>^3iy 3. 3' . 5. 5' -y'h 
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y (hy :7/w;roy^yw) -4, 4' --JT^ 

3, 3' , 5, 5' -7^ y >^t2fc'/W- 

4, 4' -i^T^ y v^:73i::^/vy 3, 3' -v^-f 
y:/r3tv^-5, 5' -v^y^/w-4, a' -v^r^y 
i;?p^:iic=./^y >5?>^, 3, 3' -v^^yy'neVv-5, 

V, 3, 3' -v^>r yy'aif/w-s, 5' -i^^y^/w- 

4, 4' -i^T^ y V^:7ai:::r7Wrn>-^/K 3, 3' 
^y:ynt:V^--5, 5' -i?^^/W-4, 4' -v^T^ 
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5, 5' -i^y^/W-4, 4' -i^T^ y v^>^:3^^/V:7^ 
n^^V. 3, 3' -v^><y:7'nt:VW-5, 5' -v^^^ 

/w-4, 4' -i;?r ^ y v^y^^icn^/w^^a^^v, 3, 3' 

-i>><y>^n t:VW-5. 5' -i;^y^/v~4, 4' -v^ 

y v^p^^^z^yv;^/^^^^. 3, 3' -v?-f y:rn if/w 

-5, 5' -v?:3^^/U-4, 4' - i^T ^ y v^:7:x^^/W 
;^/^7J^^, 1, 3-i^T^y-5- {>'^--y/U:tX2 

20 [0 0 5 1] ^fc. v^T^ ^/<7)— lH5 2r bX. -yV =^1^^^ 

irbTf^. 1, 3-tr;^ (3 -T$ y tf/i^) -1, 

1, 1 -7" ^^P^^::^/l^v^->^:^r1^>. 1, 3 - If ;^ 

(3-T^ y >^pevi-) - 1, 1, 
v-t2=¥i^:^. 1, 3-1^:=^ (4-T^y:/^/w) -1, 

«&»{-*n.r. 0. 1-1 o^/vyoi^ffi-r^codsjfSL 

[0 0 5 21 :^^y>f ^ K^«rJiicoKiS{-^bTfi. y'h 

f^. 1 0 ot:j^±#(;ii 2 ot:i^_bT% h 
yy^^/i-T^>^. hyai^/wr^>^> i&y^®^hy:7ac 

40 5m»%{^fflt-^^0;5W*b<. ft#(;i0.0 1 --1511 
S%«ffl-r'5<om*bVN) , SO^CiJilT. #(C5 0*C 

[0 0 5 31 ^/c. ±IS5i^ y T 5 mxfi. -r ^ h^ityb^ 
±. #(ci 2 ot:«Ji(cj!jp|RiLT>f ^ K'ft:^?'^'5:;^ifex 
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if(otaffl^j»^^y-r ^ mjiixti^<ot{f^#:co^»i4 

[0 0 5 5] ;*^^M{;i4e{t^4<y ^ ^ KXfi?^^y K 
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[0 0 6 0] *fc. ttrlE^Ky-f ^ KJl. :^y:^mm^& 



(14) iRpBl^pe - 1 4 5 3 4 7 

26 

Sr^atci 5 O^C-S 0 Ot^iciSfi-r^r: t;^)5-e^. 1^ 
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[0 0 6 3] (^^m2) 1 -t Kni^i^-4 - 
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o%h/^iii>'^®Sri^ra^MtT?STb. ^om. ot: 
30 "cs^ra. Rxj^mmxi 6^ras/sS"^. itciTcfy 

iS. i^ffi«:j!SbT. l-l:Kci^v-4- 
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50 >f yyt^/wKtf;^4- (^:/-^/W:^:^£/:3?7/w^ 
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